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CT detection system 



(57) The disclosed detector system includes a two 
dimensional array of detectors for use in generating a 
volumetric scan of objects moving through a scanner. 
The array can comprise rows and columns of square 
detectors, or alternatively at least two types of detec- 
tors, one for providing high image resolution in a direc- 
tion parallel to or within a plane containing the X- and Y- 
axes of a CT scanner, and the other for providing high 
image resolution in the direction of the Z-axis of the 
scanner. Preferably, a first set of detectors is oriented in 
one direction and a second set of detectors is oriented 



in a different direction. The disclosed detector system 
may be used in connection with CT scanners and, in 
particular, with CT baggage scanners and is particularly 
useful for detecting the presence of thin objects such as 
sheet explosives within scanned baggage. An improved 
method of scanning baggage is provided by using the 
one set of detectors to generate CT image information 
and the other set of detectors to generate at least one 
sinogram. 




1 EPO* 

Description 

Cross-Reference to Related Applications 

This application is related to U.S. Patent Application 
Serial No. 08/671,202, entitled IMPROVED DUAL 
ENERGY POWER SUPPLY , assigned to the present 
assignee, and filed concurrently with the present appli- 
cation, which is hereby incorporated by reference. 

Field pf the Invention 

The present invention relates generally to Com- 
puted Tomography (CT) scanners. More particularly, the 
invention relates to an improved detector array useful in 
connection with a CT baggage scanner for providing 
improved detection of sheet explosives and the like. 

Background of the Invention 

Various X-ray baggage scanning systems are 
known for detecting the presence of explosives and 
other prohibited items in baggage, or luggage, prior to 
loading the baggage onto a commercial aircraft. Since 
many explosive materials may be characterized by a 
range of densities differentiate from that of other items 
typically found in baggage, explosives are generally 
amenable to detection by X-ray equipment. Most X-ray 
baggage scanning systems in use today are of the "line 
scanner" type and include a stationary X-ray source, a 
stationary linear detector array, and a conveyor belt for 
transporting baggage between the source and detector 
array as the baggage passes through the scanner. The 
X-ray source generates an X-ray beam that passes 
through and is partially attenuated by the baggage and 
is then received by the detector array. During each 
measuring interval the detector array generates data 
representative of the integral of density of the planar 
segment of the baggage through which the X-ray beam 
passes, and this data is used to form one or more raster 
lines of a two dimensional image. As the conveyor belt 
transports the baggage past the stationary source and 
detector array, the scanner generates a two dimensional 
image representative of the density of the baggage, as 
viewed by the stationary detector array. The density 
image is typically displayed for analysis by a human 
operator. 

Plastic explosives present a particular challenge to 
baggage scanning systems because, due to their mold- 
able nature, plastic explosives may be formed into geo- 
metric shapes that are difficult to detect. Most 
explosives capable of significantly damaging an aircraft 
weigh at least a pound and are sufficiently large in 
length, width, and height so as to be readily detectable 
by an X-ray scanner system regardless of the explo- 
sive's orientation within the baggage. However, a plastic 
explosive powerful enough to damage an aircraft may 
be formed into a relatively thin sheet that is extremely 
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small in one dimension and is relatively large in the 
other two dimensions. The detection of plastic explo- 
sives may be difficult because it may be difficult to see 
the explosive material in the image, particularly when 

5 the material is disposed so that the thin sheet is parallel 
to the direction of the X-ray beam as the sheet passes 
through the system. 

Thus, detection of suspected baggage requires 
very attentive operators. The requirement for such 

10 attentiveness can result in greater operator fatigue, and 
fatigue as well as any distractions can result in a sus- 
pected bag passing through the system undetected. 

Accordingly, a great deal of effort has been made to 
design a better baggage scanner. Such designs, for 

15 example, have been described in U.S. Patent Nos. 
4,759,047 (Donges et al.); 4,884,289 (Glockmann et 
al.); 5,132,988 (Tsutsui et al.); 5,182,764 (Peschmann 
et al.); 5,247,561 (Kotowski); 5,319,547 (Krug et al.); 
5,367,552 (Peschmann et al.); 5,490,218 (Krug et al.) 

20 and German Offenlegungsschrift DE 31 503 06 A1 (Hei- 
mann GmbH). 

At least one of these designs, described in U.S. 
Patent Nos. 5,182,764 (Peschmann et al.) and 
5,367,552 (Peschmann et al.) (hereinafter the 764 and 

25 '552 Patents), has been commercially developed and is 
referred hereinafter as the "In Vision Machine". The In 
Vision Machine includes a CT scanner of the third gen- 
eration type. Such systems have been widely used in 
the medical imaging arts. 

so CT scanners of the third generation type typically 
include an X-ray source and an X-ray detector system 
secured respectively to diametrically opposite sides of 
an annular-shaped platform or disk. The disk is rotata- 
bly mounted within a gantry support so that in operation 

35 the disk continuously rotates about a rotation axis while 
X-rays pass from the source through an object posi- 
tioned within the opening of the disk to the detector sys- 
tem. 

The detector system includes a linear array of 

40 detectors disposed as a single row in the shape of a cir- 
cular arc having a center of curvature at the focal spot of 
the X-ray source (i.e., the point within the X-ray source 
from which the X-rays emanate). The X-ray source gen- 
erates a fan shaped beam, or fan beam, of X-rays that 

45 emanates from the focal spot, passes through a planar 
imaging field, and is received by the detectors. As is well 
known, a coordinate system is defined by X-, Y- and Z- 
axes, wherein the axes intersect and are all normal to 
one another at the "isocenter" (the center of rotation of 

so the disk as the disk rotates about the rotation axis). The 
Z-axis is defined by the rotation axis and the X-and Y- 
axes are defined by and lie within the planar imaging 
field. The fan beam is thus defined as the volume of 
space defined between a point source (i.e., the focal 

55 spot) and the receiving surfaces of the detectors of the 
detector array exposed to the X-ray beam. Because the 
dimension of the receiving surfaces of the linear array of 
detectors is relatively small in the Z-axis direction the 
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fan beam is relatively thin in that direction. Each detec- 
tor generates an output signal representative of the 
intensity of the X-rays incident on that detector. Since 
the X-rays are partially attenuated by all the mass in 
their path, the output signal generated by each detector 
is representative of the density of all the mass disposed 
in the imaging field between the X-ray source and that 
detector. 

As the disk rotates, the detector array is periodically 
sampled, and for each measuring interval each of the 
detectors in the detector array generates an output sig- 
nal representative of the density of a portion of the 
object being scanned during that interval. The collection 
of all of the output signals generated by all the detectors 
in a single row of the detector array for any measuring 
interval is referred to as a "projection", and the angular 
orientation of the disk (and the corresponding angular 
orientations of the X-ray source and the detector array) 
during generation of a projection is referred to as the 
"projection angle". At each projection angle, the path of 
the X-rays from the focal spot to each detector, called a 
"ray", increases in cross section from a point source to 
the receiving surface area of the detector, and thus is 
thought to "magnify" the density measurement because 
the receiving surface area of the detector area is larger 
than any cross sectional area of the object through 
which the ray passes. As the disk rotates around the 
object being scanned, the scanner generates a plurality 
of projections at a corresponding plurality of projection 
angles. Using well known algorithms a CT image of the 
object may be generated from all the projection data 
collected at each of the projection angles. The CT 
image is representative of the density of a two dimen- 
sional "slice" of the object, through which the fan beam 
has passed during the rotation of the disk through the 
various projection angles. The resolution of the CT 
image is determined in part by the width of the receiving 
surface area of each detector in the plane of the fan 
beam, the width of the detector being defined herein as 
the dimension measured in the same direction as the 
width of the fan beam, while the "length" of the detector 
is defined herein as the dimension measured in a direc- 
tion normal to the fan beam parallel to the rotation or Z- 
axis of the scanner. Such CT scanners are particularly 
useful in the medical arts because they are capable of 
generating highly accurate, high resolution images. 

However, one important design criteria for a bag- 
gage scanner is the speed with which the scanner can 
scan an item of baggage. To be of practical utility in any 
major airport, a baggage scanner should be capable of 
scanning a large number of bags at a very fast rate, e.g., 
on the order of three-hundred bags per hour or faster, 
and to provide this rate the scanner must scan an aver- 
age sized bag at a rate of about 12 seconds per bag or 
less. For this reason one problem with the In Vision 
Machine is that CT scanners of the type described in 
the 764 and '552 Patents take a relatively long time, 
e.g., from about 0.6 to about 2.0 seconds for one revo- 



lution of the disk, to generate the data for a single sliced 
CT image. Further, the thinner the slice of the beam 
through the bag for each image the better the resolution 
of the image, so the CT scanner should provide images 

5 of sufficient resolution to detect plastic explosives on the 
order of only a few nuns thick. If 0.6 to 2.0 seconds are 
required for generation of data for each sliced CT 
image, and the average bag can be assumed to be 
about 70cm long, at the desired throughput rate of 300 

ro bags per hour a conventional CT baggage scanner can 
only afford to generate an average of six or seven CT 
images per bag since the bag must be moved and 
stopped at each location of a scan. Clearly, one cannot 
scan the entire bag within the time allotted for a reason- 

j5 ably fast throughput. Generating only six or seven, or 
more, CT images per baggage item leaves most of the 
item un-scanned and therefore does not provide ade- 
quate or complete scanning. The solution to this prob- 
lem proposed in the 764 and '552 Patents is to provide 

20 a prescreening process. The prescreening process is 
accomplished by using a line scanner. The line scanner 
identifies up to six or seven, or more, suspect areas. 
The bag is then moved into the CT scanner where it is 
stopped for each scan of a suspected area, and then 

25 moved into position for the next scan. In this manner the 
system scans each baggage item relatively quickly 
since time consuming CT scans are only generated for 
suspect regions and not the entire baggage item. How- 
ever, this system is disadvantageous precisely because 

so it does not perform CT scans over the entire baggage 
item and therefore does not provide adequate scanning. 
It is clear that the accuracy of this system is limited by 
the accuracy of the prescreening process, and thus, if 
the prescreening process has an 80% probability of 

35 f indi ng a plastic explosive, then the system has, at best, 
an 80% probability of success. 

Another problem with the In Vision Machine relates 
to the tradeoff between image resolution and speed of 
the machine. The thinner the slice of the scan and/or the 

w smaller the width of each detector the better the resolu- 
tion of the resulting image, but less volume of the bag is 
scanned. One suggestion in the 764 and '552 Patents 
is to take "approximately between 5 to 200 continuous 
CT scans", and generate data which is "displayed to an 

45 operator as a pseudo three dimensional image". See for 
example, col. 5, lines 54-56 of the 764 Patent. However, 
taking such a volumetric scan, dramatically increases 
the time required to scan each bag, severely decreasing 
the throughput of the system. 

so Figures 1 and 2 illustrate the difficulty of detecting 
thin sheets of plastic explosives, or sheet explosives, 
with a CT scanner of the type described for use in the In 
Vision Machine. Figure 1 shows a diagram of an X-ray 
source 1 and a detector array 3 with a thin sheet explo- 

55 sive 5 disposed between source 1 and detector array 3. 
The sheet explosive 5 is assumed to be enclosed within 
an item of baggage (not shown) that is disposed 
between X-ray source 1 and detector array 3 with the 
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large flat surfaces of the sheet substantially parallel to 
the plane of the beam. X-ray source 1 generates a cone 
beam 7 of X-rays that pass through the baggage and 
sheet explosive 5 and are received by detector array 3. 

Figure 2 shows a view of a portion of detector array 
3 taken along line 2-2 of Figure 1 , and also shows the 
projection of sheet explosive 5 onto detector array 3. 
Detector array 3 is shown including a row of individual 
detectors 12. Due to its narrow thickness and orienta- 
tion, the projection of sheet explosive 5 only covers a 
relatively small portion of any single one of the detectors 
12. Since each detector 12 generates an output signal 
representative of the average density of all the mass 
disposed between itself and the X-ray source, none of 
the detectors 12 will have a strong response to the pres- 
ence of sheet explosive 5. Rather, the high density of 
sheet explosive 5 is effectively averaged with the much 
lower densities of the other items (not shown) in the 
immediate proximity of explosive 5, and the presence of 
sheet explosive 5 affects only a small component of any 
one of the output signals generated by detectors 12. So 
the baggage scanner will not reliably detect the pres- 
ence of sheet explosive 5. 

One way to compensate for this deficiency, as men- 
tioned above, is to reduce the thickness of the fan beam 
decreasing the length of each detector (12) or reduce 
the width of each detector 12 so as to increase the res- 
olution of the reconstructed CT image. However, this 
solution only increases the number of scans (in the case 
of making the fan beam thinner) or increases the 
number of projections per scan (in the case of making 
each detector width smaller) required to scan the entire 
bag which would increase the amount of time required 
for each bag. In the In Vision Machine, where only 
select portions of each bag are scanned, better resolu- 
tion provided by the CT scanner would not necessarily 
increase the probability of detecting sheet explosives, 
since such probability is largely dependent of the pre- 
screening process identifying the correct area for a sub- 
sequent CT scan of the suspect area. 

Objects of the Invention 

It is an object of the present invention to substan- 
tially reduce or overcome the above-identified problems 
of the prior art. 

Another object of the present invention is to provide 
an improved baggage scanner for scanning bags at a 
relatively fast rate, i.e., on the order of 250 to 300 bags 
or faster. 

And another object of the present invention is to 
provide an improved baggage scanner for scanning 
bags continuously without the need for operator moni- 
toring as the bags are transported through the scanner. 

Yet another object of the present invention is to pro- 
vide an improved baggage scanner without the need for 
a prescreening process. 

Still another object of the present invention is to 



provide an improved baggage scanner for detecting 
objects, such as sheet explosives, with a greater proba- 
bility, and therefore reliability, than provided by the In 
Vision Machine. 

5 And yet another object of the present invention is to 
provide an improved baggage scanner which utilizes a 
single stage CT scanning process to scan for specific 
objects having predetermined detectable signatures. 
And still another object of the present invention is to 

10 provide a detector array for use in a CT baggage scan- 
ner that is capable of reliably detecting the presence of 
thin objects, such as sheet explosives, in baggage while 
the baggage is transported through the scanner at a rel- 
atively high rate. 

is And yet another object of the present invention is to 
provide an improved detector array, particularly useful in 
a CT baggage scanner, for providing a deeper and yet 
highly resolved field of view in the Z-axis direction than 
provided, for example, by the CT scanner of the In 

20 Vision Machine. 

And still another object of the present invention is to 
provide an improved CT baggage scanner having a two 
dimensional detector array for providing data useful for 
example in detecting sheet explosives in bags as they 

25 are continuously transported through the scanner. 

And yet another object of the present invention is to 
provide a CT baggage scanner comprising an improved 
two-dimensional detector array. 

And still another object of the present invention is to 

30 provide a high speed CT scanner capable of providing 
image data of a volumetric scan at a relatively fast rate 
and that is relatively highly resolved in the direction of all 
three X-, Y-and 2-axes. 

And yet another object of the present invention is to 

35 provide an improved detector array for use with a CT 
baggage scanner, the detector array including a first 
group of detectors used for generating CT images of 
baggage, and a second group of detectors used for gen- 
erating sinogram data that is directly interpreted to 

40 detect the presence of sheet explosives within the bag- 
gage. 

And finally another object of the present invention is 
to provide an improved method of scanning objects as 
they move through a CT scanner using both image and 
45 sinogram data. 



These and other objects are provided by an 
so improved baggage scanner capable of scanning bags at 
a relatively fast rate, i.e., on the order of 250 to 300 bags 
or faster, without the need of operator monitoring as the 
bags are transported through the scanner, or the neces- 
sity of a prescreening process. The baggage scanner 
55 utilizes a single stage CT scanning process to scan for 
specific objects having predetermined detectable signa- 
tures, such as sheet explosives. The scanner utilizes a 
two-dimensional detector array including a plurality of 
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detectors in both the X-axis and Y-axis direction and a 
plurality of detectors in the Z-axis direction for providing 
a greater and highly resolved field of view in a three- 
dimensional, volumetric field and for generating data as 
objects are transported through the scanner. 

In one preferred embodiment, the detector array 
includes two different types of detectors, one for provid- 
ing greater resolution in the X- and Y-axis directions, 
and the other for providing greater resolution in the Z- 
axis direction. Preferably, the first group of detectors is 
used for generating CT images of the bags as they pass 
through the scanner, and the second group of detectors 
is used for generating sinogram data that is directly 
interpreted to detect the presence of sheet explosives 
within the baggage. 

In this preferred system, the two sets of detectors 
are arranged as a two dimensional array, with the array 
including a plurality of sets of detectors, i.e., tiles, each 
set including at least one of the first detectors from 
which data is generated for use in generating a CT 
image, and at least one of the second detectors from 
which data is generated for use in generating a sino- 
gram. 

For economical and efficiency reasons, the detec- 
tors of the first and second type are longer in one direc- 
tion than in the other. With this arrangement, and where 
the sinogram data is less critical than the data used to 
generate the CT image, the detectors of the first type 
are oriented so that the shorter dimension is oriented in 
or parallel to the X-Y plane so that greater image reso- 
lution by virtue of having a shorter width than its length) 
is provided by those detectors in that direction, while 
detectors of second type are oriented so that the shorter 
dimension is oriented in the Z-axis direction so that 
greater image resolution (by virtue of having a shorter 
length than its width) is provided by those detectors in 
that direction. 

In accordance with another aspect, the invention 
provides an improved method of scaning objects, such 
as baggage, as they move through a CT scanner using 
both image and sinogram data. 

Still other objects and advantages of the present 
invention will become readily apparent to those skilled in 
the art from the following detailed description wherein 
several embodiments are shown and described, simply 
by way of illustration of the best mode of the invention. 
As will be realized, the invention is capable of other and 
different embodiments, and its several details are capa- 
ble of modifications in various respects, all without 
departing from the invention. Accordingly, the drawings 
and description are to be regarded as illustrative in 
nature, and not in a restrictive or limiting sense, with the 
scope of the application being indicated in the claims. 

Brief Descrip tion of the Drawings 

For a fuller understanding of the nature and objects 
of the present invention, reference should be had to the 



following detailed description taken in connection with 
the accompanying drawings in which the same refer- 
ence numerals are used to indicate the same or similar 
parts wherein: 

5 

Figure 1 shows a cross sectional view of a thin 
sheet of plastic explosive disposed between the X- 
ray source and the detector array of a CT scanner 
of a prior art baggage scanner; 

10 Figure 2 shows a view taken along line 2-2 of Figure 
1 showing a portion of the prior art detector array 
shown in Figure 1 and the projection of the sheet 
explosive onto the detector array; 
Figures 3A, 3B, and 3C show perspective, end 

is cross-sectional and radial cross-sectional views, 
respectively, of a CT baggage scanning assembly 
constructed according to the present invention; 
Figure 4 shows one embodiment of a detector array 
constructed according to the present invention; 

20 Figure 5 shows another embodiment of a detector 
array constructed according to the present inven- 
tion in the form of a tile; 

Figures 6 and 7 show the projection of a sheet 
explosive onto portions of the detector tile shown in 
26 Figure 5, as the thin sheet explosive is transported 
past the detector tile; 

Figure 8 shows a preferred embodiment of a two 
dimensional detector array comprising a plurality of 
tiles of the type shown in Figure 5; 
30 Figure 9 shows a sectional view taken along line 9- 
9 of Figure 8 in the Z-axis direction showing the 
detector array shown in Figure 8 and additionally 
showing the X-ray tube; 

Figure 10 shows a sectional view taken along line 
35 10-10 of Figure 8 in the X-axis direction showing 
the detector array shown in Figure 8 and addition- 
ally showing the X-ray tube; 
Figure 1 1 A shows an example of a sinogram con- 
structed from data generated by the Z-axis detec- 
40 tors in one of the rows of detectors in the detector 
array shown in Figure 8; and 
Figure 1 1 B shows bag that is scanned to generate 
the sinogram shown in Figure 1 1 A. 



Figures 3A, 3B, and 3C show perspective, end 
cross-sectional and radial cross-sectional views, 
respectively, of a baggage scanning assembly 100 con- 
structed according to the invention, which as will be dis- 
cussed in greater detail below provides improved ability 
to detect the presence of sheet explosives regardless of 
their orientation, and which also provides rapid and 
complete CT baggage scanning so that the assembly 
reliably scans the bags at a relatively high rate with a 
high probability of detecting sheet explosives. Assembly 
100 includes a conveyor system 110 for continuously 
conveying baggage, or luggage, 1 12 in a direction indi- 



45 Detailed Description of the Drawings 
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cated by arrow 114 through a central aperture of a CT 
scanning system 120. Conveyer system 110 is illus- 
trated as including a plurality of individual conveyor sec- 
tions 122, however, other forms of conveyor systems 
may of course be used. CT scanning system 120 
includes an annular shaped rotating platform, or disk, 
124 disposed within a gantry support 125 for rotation 
about a rotation axis 127 (shown in Figure 3C) that is 
preferably parallel to the direction of travel of the bag- 
gage 112, which is indicated by arrow 114. Rotating 
platform 124 defines a central aperture 126 through 
which conveyor system 110 transports the baggage 
112. System 120 includes an X-ray tube 128 and an 
improved two dimensional detector array 130 which are 
disposed on diametrically opposite sides of the platform 
1 24. System 1 20 further includes a data acquisition sys- 
tem 134 for receiving and processing signals generated 
by detector array 130, and an X-ray tube control system 
136 for supplying power to, and otherwise controlling 
the operation of, X-ray tube 1 28. The system 1 20 is also 
preferably provided with a computerized system (not 
shown) for processing the output of the data acquisition 
system 134 and for generating the necessary signals for 
operating and controlling system 120. The computer- 
ized system can also include a monitor 140 for display- 
ing information including generated images. X-ray tube 
control system 136 is preferably the dual energy x-ray 
tube control system more fully described in the above- 
referenced U.S. Patent Application Serial 
No.08/671 ,202 since dual energy X-ray techniques for 
energy-selective reconstruction of X-ray CT images 
(see, for example, Alvarez, Robin et al., "Energy-selec- 
tive Reconstructions in X-ray Computerized Tomogra- 
phy", Phvs.Med. Biol. 1976 . Vol. 21 , No. 5, 733-744 and 
U.S. Patent No. 5,132,998 (Tsutsui)) are particularly 
useful in indicating a material's atomic number in addi- 
tion to indicating the material's density, although it is not 
intended that the present invention be limited to this 
type control system. System 120 also includes shields 
1 38, which may be fabricated from lead, for example, for 
preventing radiation from propagating beyond gantry 
125. 

In operation, X-ray tube 128 generates a pyramidi- 
cally shaped beam, often referred to as a "cone" beam, 
132 of X-rays that pass through a three dimensional 
imaging field, through which baggage 112 is trans- 
ported by conveying system 110. After passing through 
the baggage disposed in the imaging field, cone beam 
132 is received by detector array 130 which in turn gen- 
erates signals representative of the densities of 
exposed portions of baggage 112. The beam therefore 
defines a scanning volume of space. Platform 124 
rotates about its rotation axis 1 27, thereby transporting 
X-ray source 128 and detector array 130 in circular tra- 
jectories about baggage 1 12 as the baggage is continu- 
ously transported through central aperture 126 by 
conveyor system 110 so as to generate a plurality of 
projections at a corresponding plurality of projection 



angles. In a well known manner, signals from the detec- 
tor array 130 can be initially acquired by data acquisition 
system 134, and subsequently processed by a compu- 
terized system (not shown) using CT scanning signal 

5 processing techniques. The processed data, as will be 
described hereinafter, can be displayed on a monitor 
140, and/or can also be further analyzed by the compu- 
terized system to determine the presence of a sus- 
pected material, as for example, reviewing the data to 

w determine whether the data suggests the presence of 
material having the density (and when a dual energy 
system is used, molecular weight) of sheet explosives. If 
such data is present, suitable means can be provided 
for indicating the detection of such material to the oper- 

15 ator or monitor of the system, for example, by providing 
an indication on the screen of a monitor 140, by sound- 
ing an audible or visual alarm, and/or by providing an 
automatic ejection device for removing the suspect bag 
from the conveyor for further inspection, or by stopping 

20 the conveyor so that the suspect bag can be inspected 
and/or removed. 

As stated above, detector array 130 is a "two 
dimensional" array of detectors preferably capable of 
providing scan data in both the directions of the X- and 

25 Y- axes, as well as in the Z-axis direction. Whereas prior 
art detector arrays typically include a linear array of 
detectors as best shown in Figure 2 (and therefore can 
be referred to as "one dimensional" detector arrays), 
detector array 130 preferably includes a plurality of lin- 

30 ear detector arrays, or a plurality of rows of detectors. 
During each measuring interval, the plurality of detector 
rows generate data from a corresponding plurality of 
projections and thereby simultaneously scan a volumet- 
ric region of baggage 112. The dimension and number 

35 of the detector rows are preferably selected as a func- 
tion of the desired resolution and throughput of the 
scanner, which in turn is a function of the rotation rate of 
rotating platform 124 and the speed of conveying sys- 
tem 110. These parameters are preferably selected so 

40 that in the time required for a single complete rotation of 
platform 124, conveying system 110 advances the bag- 
gage 112 just enough so that the volumetric region 
scanned by detector array 130 during one revolution of 
the platform is contiguous and non-overlapping with (or 

45 partially overlapping with) the volumetric region 
scanned by detector array 130 during the next revolu- 
tion of the platform. Conveying system 1 10 continuously 
transports a baggage item 112 through CT scanning 
system 120, preferably at constant speed while platform 

so 124 continuously rotates at a constant rotational rate 
around the baggage items as they pass through. In this 
manner, system 1 20 performs a volumetric CT scan of 
the entire baggage item. Baggage scanning assembly 
100 preferably uses at least some of the data provided 

55 by the array 1 30 and a well known helical reconstruction 
algorithm to generate a volumetric CT representation of 
the entire baggage item as it passes through the sys- 
tem. Assembly 100 thus provides a complete CT scan 
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of each bag, rather than only providing CT scanning of 
selected portions of baggage items as in the In Vision 
Machine, without the need for a pre-screening device. 
Assembly 100 also provides rapid scanning since two 
dimensional detector array 130 allows assembly 100 to 
simultaneously scan a relatively large portion of each 
baggage item with each revolution of the platform 124. 

Figure 4 shows a block diagram of a top view (flat- 
tened to provide a planar view) of detector array 130. 
The detectors 130 (a portion of which are shown in Fig- 
ure 4) are arranged in rows and columns so as to pro- 
vide the two dimensional array. The number and 
distribution of the detectors is dependent on the design 
specifications of the system, i.e., the speed of rotation of 
the platform 124, the desired rate at which baggage is to 
be provided through the scanner, and the desired reso- 
lution of the image created by the data acquired from 
the two dimension detector array. In this embodiment, 
detector array 130 includes a plurality of rows 200 (e.g., 
eight) of detectors 202 distributed in the direction of the 
2-axis. Each row preferably has the form of a cylindrical 
arc disposed in a plane coplanar with or parallel to the 
X-Y plane so that the array has the form of a cylindrical 
section, similar to the array illustrated in Figures 8, 9, 
and 10 described hereinafter, preferably having its axis 
of revolution passing through the focal spot of the X-ray 
tube, parallel to the Z-axis. By providing multiple rows, 
the assembly is capable of performing rapid and com- 
plete CT scans of entire items of baggage. Such a two 
dimensional detector array, and others, are generally 
described in U.S. Patent No. 5,510,662, issued to Hui 
Hu et al. and U.S. Patent No. 5,262,946 issued to 
Heuscher, each for use in making volumetric scans for 
medical CT applications. However, the ability for this two 
dimensional detector array 130 to detect the presence 
of thin sheet explosives may be accomplished by further 
reducing the size of the individual detectors 202 at least 
in one dimension so as to increase the resolution and 
therefore overcome the problem described above with 
respect to Figures 1 and 2, or by using the density dis- 
crimination technique, both described in greater detail 
hereinafter. For example, in the embodiment illustrated 
in Figure 4, the receiving surface of each detector 202 is 
square so as to provide substantially the same resolu- 
tion in both directions. Alternatively, each detector can 
be made longer in the dimension parallel to the Z-axis 
(having a narrower width than length) so as to provide 
greater resolution in the directions of the X- and Y-axes, 
or conversely longer in the dimension in the X-Y plane 
(having a narrower length than width) so as to provide 
greater resolution in the direction of the Z-axis. In this 
case it is desirable to make the longer dimension of the 
detector (the direction of which is parallel to the Z-axis) 
smaller than the prior art detectors in order to overcome 
the problem described above in connection with Figures 
1 and 2. In order to maintain the desired baggage 
throughput, additional rows 200 of detectors may be 
included so that the detector array provides improved 



12 

resolution in the Z-axis direction. 

Thus, it should be recognized that the better the 
desired resolution, assuming the distance between the 
focal spot and each detector remains the same, the 

5 smaller each detector must be. Reducing the size of 
each detector to increase the resolution, however, 
means that a smaller volume is scanned. Therefore, in 
order to maintain a certain baggage throughput, for a 
given rotation rate of the platform and speed at which 

10 the bags are transported through the system, the sys- 
tem design would require an increase in the number of 
rows of detectors in order to scan the same volume with 
each revolution of the platform. Accordingly, in accord- 
ance with one aspect of the present invention, the 

is detector array includes two types of detectors, one for 
providing the desired resolution in the directions of or 
parallel to the X- and Y-axes, and the other for providing 
the desired resolution in the Z-axis direction. Therefore, 
in accordance with another aspect of the present inven- 

20 tion, the detector array preferably comprises detectors 
which are longer in one direction (the major axis) than in 
another (the minor axis). One set can be oriented gen- 
erally one way relative to the X- and Y-axes with better 
resolution in the direction of the X- and Y-axes and thus 

2S better resolution in the X-Y plane. These detectors pref- 
erably are used to generate CT image data from which 
a CT image can be generated. The other set can be ori- 
ented generally in another direction so as to provide 
better resolution in the direction of the Z-axis. These 

30 detectors preferably are used to generate one or more 
sinograms in the Z-axis direction. All of the detectors 
can be identical for economical reasons, or of different 
types and/or dimensions, with the detectors of the first 
set being oriented so that the shorter dimension 

35 extends in a direction co-incident with or parallel to the 
plane defined by the X- and Y-axes, while the detectors 
of the second set are oriented so that the shorter dimen- 
sion extends in a direction parallel to the direction of the 
Z-axis. 

40 In accordance with another aspect of the present 
invention, the two dimensional-array of detectors is pref- 
erably formed by an array of detector tiles, each tile 
comprising a predefined arrangement of detectors 
including at least one of each type of detector. Figure 5 

45 shows a block diagram of a preferred embodiment of a 
detector tile 210 constructed according to one aspect of 
the invention (again flattened to provide a planar view). 
Each of the CT detectors 212, for providing data from 
which a CT image can be reconstructed, is preferably 

so characterized by a rectangular shape having a width x 1 
and a length z^ the length z 1 being substantially greater 
than the width x 1 so that the longer dimension of each 
CT detector 212 extends along its length and the 
shorter dimension of each CT detector 212 extends 

55 along its width. Each of the Z-axis detectors 214, for 
generating data from which a sinogram can be gener- 
ated, is preferably characterized by a rectangular shape 
having width x 2 and length z 2 , the width x 2 being sub- 
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stantially greater than the length z 2 so that the longer 
dimension of each Z-axis detector 214 extends along its 
width and the shorter dimension of each Z-axis detector 
extends along its length. Preferably, although not neces- 
sarily, the detectors 212 and 214 are identical in size, 
with x.,=z 2 , z.,=x 2 , 4x 1= x 2 and 4z 2 =z 1 . Each tile 
210 preferably includes CT detectors 212 and Z-axis 
detectors 214, all being packed closely together so that 
there is minimal or no space between them and so that 
the direction of the longer dimensions of the CT detec- 
tors 212 are substantially perpendicular to the direction 
of the longer dimensions of the Z-axis detectors 214. 
The CT detectors 212 of each tile 210 are preferably 
stacked one next to another to form a rectangularly 
shaped group of eight detectors having a width substan- 
tially equal to eight times x-| and a length substantially 
equal to z^ The two Z-axis detectors 214 are stacked 
side by side, and abut the CT detectors 212 so that 
detector tile 210 has a rectangular shape with a width 
substantially equal to eight times x 1 and a length sub- 
stantially equal to z-| plus z 2 . 

The actual size of each detector in the direction of 
the best desired resolution is dependent on the thinnest 
sheet of explosives that one wishes to detect. In one 
preferred embodiment, the CT detectors are not identi- 
cal to the Z-axis detectors and x-, is equal to about 5.28 
mm, z 1 is equal to about 1 3.38 mm, x 2 is equal to about 
21.12 mm, and z 2 is equal to about 6 mm, although 
those skilled in the art will appreciate that there is a rel- 
atively large degree of flexibility in the choice of these 
dimensions depending in part on the desired resolution 
in both directions. It will be appreciated that the direction 
of the shorter dimension (width) of detectors 21 2 will be 
in the direction disposed in or parallel to the plane 
defined by the X- and Y-axes and therefore define better 
resolution in that direction, while the direction of the 
shorter dimension (length) of detectors 214 will in the 
direction be disposed parallel to the direction of the Z- 
axis, and therefore define better resolution in that direc- 
tion. 

In the illustrated embodiment, each detector tile 
210 includes ten detectors: eight CT detectors 212 and 
two Z-axis detectors 214. 

Each of the detectors 212, 214 in detector tile 210 
may be implemented using any of the well known X-ray 
detector technologies. In one preferred embodiment, 
detectors 212, 214 are implemented using solid state 
cadmium tungstate scintillator-silicon photodiode type 
detectors. However in alternative embodiments, the 
detector tile 210 may be implemented using other types 
of scintillators, gas tube Xenon (Xe) detectors, charge 
coupled device (CCD) based detectors, area detectors 
(such as those fabricated using amorphous selenium) 
which include an area of material and which generate 
an output signal that provides positional information for 
resolving the location of incident X-rays on that material, 
or any form of detector that defines a detecting area and 
generates an output signal representative of the inten- 



sity of the X-rays incident on that area. 

Figure 6 illustrates the projection of sheet explosive 
5 onto detector tile 210 assuming that the thin sheet 
explosive 5 is contained in an item of baggage (not 

5 shown) that is disposed between detector tile 210 and 
an X-ray source (not shown). Due to the orientation and 
narrow thickness of sheet explosive 5, its projection only 
covers a relatively small portion of each of the CT detec- 
tors 212. As with the prior art detector array 3 shown in 

10 Figure 2, CT detectors 212 will not have a strong 
response to the presence of sheet explosive 5. How- 
ever, as the sheet explosive is transported by conveyor 
system 110 (shown in Figure 3A) past detector tile 210 
in a direction indicated by arrow 9, sheet explosive 5 will 

15 eventually be disposed between the X-ray source and 
the Z-axis detectors 214. Figure 7 illustrates the projec- 
tion of sheet explosive 5 onto Z-axis detectors 214, and 
since the projection covers a relatively large portion of 
the Z-axis detectors 214, these detectors will have a rel- 

20 atively strong response to the presence of sheet explo- 
sive 5. Since the direction of the shorter dimensions of 
the Z-axis detectors in tile 21 0 are perpendicular to the 
direction of shorter dimensions of the CT detectors, at 
least some, if not all, of the detectors in tile 210 will have 

25 a strong response to the presence of a sheet explosive 
regardless of its orientation. 

While Figures 5-7 illustrate a preferred embodiment 
of detector tile 210, those skilled in the art will appreci- 
ate that the invention embraces many variations of the 

30 illustrated embodiment of tile 210. For example, detec- 
tor tiles could be constructed according to the invention 
that include twelve CT detectors and two Z-axis detec- 
tors, or as another example, four CT detectors and one 
Z-axis detector. Still further, any arrangement of detec- 

35 tors in which the direction of the shorter dimension of 
one of the detectors is oriented perpendicular, or at 
least non-parallel, to the direction of the shorter dimen- 
sion of another detector is embraced within the inven- 
tion. Also, while in the illustrated embodiment the 

40 detector tile has a rectangular shape (which as will be 
discussed in greater detail below is convenient for using 
the tile to construct larger detector arrays), detector tiles 
may be constructed according to the invention having 
other shapes, such as square shapes, circular shapes, 

45 triangular shapes, hexagonal shapes, or irregular 
shapes. 

Figure 8 shows a block diagram of a top view (flat- 
tened to provide a planar view) of a preferred embodi- 
ment of detector array 130. In the illustrated 

so embodiment, detector array 130 is configured as a two 
dimensional array of detector tiles 210 including eight 
rows of detector tiles 210, and each row including thirty- 
two detector tiles 210. Each detector tile 210 in array 
130 is subdivided into CT detectors 212 and Z-axis 

55 detectors 214 as shown by the lower right tile in Figure 
8. It will be appreciated that when properly positioned 
with all of the tiles in place, where each tile includes a 
row of eight CT detectors 212 and a row of two Z-axis 
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detectors 214, the tile array shown and described with 
respect to Figure 8 will provide a total of 16 alternate 
rows of 256 CT detectors and 64 2-axis detectors. With 
eight rows of tiles, a total of 2048 CT detectors and 512 
Z-axis detectors are provided. Alternative embodiments 
of detector array 130 may of course also include differ- 
ent numbers of rows of tiles (e.g., twelve rows), as well 
as different numbers of tiles per row (e.g., forty-eight, or 
sixty-four). 

Figure 9 shows a cross sectional view taken along 
line 9-9 of Figure 8 in the Z-axis direction showing 
detector array 130 as well as the spatial relationship 
between detector array 130, X-ray tube 128, cone beam 
132, and rotation axis 127 (which is normal to the plane 
of Figure 9) when detector array 130 is mounted within 
baggage scanning assembly 100 (shown in Figures 3A- 
C). Figure 10 shows a cross sectional view taken along 
line 10-10 of Figure 8 in the X-axis direction showing 
detector array 130 as well as X-ray tube 128 and rota- 
tion axis 127. As shown by Figures 9 and 10, detector 
array 130 is preferably configured as a cylindrical sec- 
tion having a center of curvature at the focal spot of the 
X-ray tube 128, and a radius of curvature equal the 
length of a line 240 which extends from the focal spot of 
X-ray tube 128 through rotation axis 127 to detector 
array 130 and is normal to detector array 130 at the 
point of intersection with array 130. The detector tiles 
210 in array 130 are oriented as shown in Figure 8 all in 
the same direction as shown for the lower right tile 210 
so that the direction of the shorter dimension (width) of 
each of the CT detectors 212 is in the same direction as 
or parallel to the X-Y plane, and the direction of the 
shorter dimension (length) of each of the Z-axis detec- 
tors 214 is parallel to the Z-axis. This orientation insures 
that the Z-axis detectors will have a relatively strong 
response to the presence of any sheet explosives that 
are perpendicular, or nearly perpendicular, to the rota- 
tion axis when minimum detection is achieved by the CT 
detectors. 

Preferably, at any one instant of time, the Z-axis 
detectors 214 in each detector row are particularly well 
suited for detecting the presence of a sheet explosive 
having a particular orientation slightly different from the 
other rows. For example, the Z-axis detectors 21 4 in the 
left most detector row as shown in Figure 10 (which are 
the same Z-axis detectors in the bottom row of detector 
tiles 210 as shown in Figure 8) are particularly well 
suited for insuring the detection of the presence of sheet 
explosives that are parallel to plane 260 which extends 
from the focal spot of X-ray tube 1 28 to the Z-axis detec- 
tors 214 in that row. Figure 10 shows eight planes (each 
of the planes being illustrated in cross section by a line) 
extending from X-ray tube 128 to detector array 130, 
one plane for each of the eight detector rows, and the Z- 
axis detectors in each row are particularly well suited for 
detecting the presence of sheet explosives parallel to 
their respective plane. The detector array 130 is prefer- 
ably disposed asymmetrically along the Z-axis direction 



with respect to a plane defined by the X-and Y-axes and 
extending normal to the Z-axis through the focal spot of 
the X-ray tube 128 so that the eight angles made by the 
intersections of detector array 130 and the eight planes 

5 are all unique. Those skilled in the art will appreciate 
that this helps maximize the information provided by the 
Z-axis detectors 214. Figures 9 and 1 0 are of course not 
drawn to scale, and the distance between X-ray tube 
128 and detector array 130 is much greater than indi- 

10 cated by the drawing. Therefore, the eight angles 
formed by the eight planes and the detector array 130 
are all relatively close to ninety degrees, and each addi- 
tional row of Z-axis detectors provides information that 
is similar to but slightly different from the information 

is provided by the other rows of Z-axis detectors. In alter- 
native embodiments of detector array 130, the rows 
need not be arranged so that the rows of CT detectors 
alternate with the Z-axis detectors, nor that the number 
of rows of CT detectors equals the number of rows of Z- 

20 axis detectors. For example, the number of rows of one 
type of detector can be twice that of the other type of 
detector, and arranged for example by alternating two 
rows of the first type with one row of the other type. In 
another example, all of the rows of one type can be pro- 

25 vided as contiguous rows along the direction of the Z- 
axis, followed by all of the rows of the other type of 
detector. Further, while the invention has been 
described in connection with detector tile 210, those 
skilled in the art will appreciate that the invention may 

30 be used to construct many other arrangements of 
detectors. Exemplary detector arrays embraced within 
the invention include arrays of detectors arranged in a 
herring bone pattern, as well as any arrangement of 
detectors where the direction of the shorter dimension 

35 of some of the detectors are perpendicular, or are at 
least non-parallel, to the direction of the shorter dimen- 
sion of other detectors in the array. As those skilled in 
the art will appreciate, orienting the detectors so that the 
direction of the shorter dimension of some of the detec- 

40 tors are perpendicular, or at least non-parallel, to the 
direction of the shorter dimension of other detectors in 
the array compensates for lack of resolution in any of 
the individual detectors in the direction of the longer 
dimension, and thereby increases the resolution of the 

45 detector array at a reduced cost. 

In operation of CT baggage scanning assembly 100 
(shown in Figures 3A-C), the CT detectors 212 of detec- 
tor array 130 are preferably used to generate recon- 
structed CT images of the baggage, whereas the Z-axis 

so detectors 214 preferably do not contribute to the CT 
images. Rather, the raw data, which is often referred to 
as the "sinogram" data, generated by the Z-axis detec- 
tors 214 is preferably analyzed directly (i.e., without use 
of a reconstruction algorithm) to detect the presence of 

55 sheet explosives that are oriented so that the sheet is 
perpendicular, or nearly perpendicular, to the direction 
of the disk's rotation axis 127 (shown in Figure 3C). 
Directly analyzing the raw data generated by the Z-axis 



17 



EP 0 816 873 A1 



detectors is preferable because it reduces the number 
of computations performed by baggage scanning 
assembly 100 in order to minimize the costs of the 
assembly. However, in other embodiments the data 
generated by Z-axis detectors 214 may contribute to the 
reconstructed CT images as well. 

Figure 1 1 A illustrates a Z-axis sinogram 268 gener- 
ated by a single row of Z-axis detectors 2 1 4 of array 1 30 
while an item of baggage 270 shown in Figure 1 1B is 
transported past X-ray tube 128 and detector array 130 
in a direction indicated by arrow 1 1 4 while tube 1 28 and 
array 130 rotate around bag 270 in a direction indicated 
by arrow 272. Since the illustrated detector array 130 
includes eight rows of Z-axis detectors, baggage scan- 
ning assembly 100 simultaneously generates eight 
such Z-axis sinograms, however, for convenience only 
sinogram 268 will now be discussed. (The CT detectors 
of array 1 30 also of course generate sinogram data, and 
this data is preferably used by a reconstruction algo- 
rithm to generate CT images or at least the data is pref- 
erably analyzed on that basis.) Bag 270 has the shape 
of a rectangular solid and includes a handle 274 and a 
metal hinge 276 that extends along the side of the bag 
270 opposite handle 274. A sheet explosive 278 which 
is oriented perpendicularly to the rotation axis (not 
shown) is located in the forward portion of bag 270, and 
a smaller sheet explosive 280 which is oriented parallel 
to the rotation axis is located near the center of the bag 
270, and a cylindrical object 282 is located near the rear 
of the bag 270. 

Each horizontal row, or "scan line", of sinogram 268 
represents the densities measured by all the Z-axis 
detectors 214 (in the single row of detectors used to 
generate the sinogram) for a single projection angle 
(where, as is known in the art, each density measure- 
ment is generated by converting the output signal gen- 
erated by one of the detectors into a representation of 
X-ray attenuation), and the thickness of each pixel in a 
scan line represents the density indicated by one detec- 
tor's output signal (i.e., the greater the density the 
thicker the line). For the generation of sinogram 268, it 
is assumed that detector array 130 and X-ray tube 128 
rotate exactly 180° in the direction indicated by arrow 
272 of Figure 1 1 B during the time required for bag 270 
to be transported entirely through the imaging plane 
defined by the intersection of cone beam 132 and the 
single row of Z-axis detectors 214. 

The scan line at the top of sinogram 268 (i.e., scan 
line one) corresponds to a projection angle of zero 
degrees and is generated when the forward end of bag 
270 is disposed in the imaging plane. This scan line is 
thicker than most other scan lines because the end of 
the bag 270 (i.e., the material from which bag 270 is 
composed) is assumed to be denser than the contents 
of bag 270. The bottom scan line (i.e., scan line thirty 
two) corresponds to a projection angle of 180° and is 
generated when the rear end of bag 270 is disposed in 
the imaging plane, and therefore, this scan line is also 



thicker than most other scan lines. While sinogram 268 
shows only thirty two scan lines to represent a change 
of 180° in projection angle, those skilled in the art will 
appreciate that in operation baggage scanning assem- 

5 bly 100 generates sinograms with many more scan 
lines, and sinogram 268 is presented merely for conven- 
ience of exposition and is generally illustrative of the 
characteristics of those sinograms. Sinogram 268 has a 
general "hour glass" shape which corresponds to the 

w rectangular solid shape of bag 270. At projection angles 
of zero and 180°, detector array 130 measures the 
"broad side" of bag 270 (e.g., one side of the bag), and 
bag 270 occludes most if not all of the detectors in the 
array, so the scan lines for these projection angles are 

is relatively long. Conversely, at a projection angle of 90° 
detector array 130 measures the "narrow side" of bag 
270 (e.g., the top or bottom of the bag), and bag 270 
only occludes the central detectors in array 130 and 
only air is disposed between X-ray tube 128 and the 

20 detectors at the edges of the array, so only the center 
part of the scan line for a projection angle of 90° is visi- 
ble. 

Each element of bag 270 is represented by a differ- 
ent structure in sinogram 268. For example, the 

25 enlarged circle, or dot, at the left end of the top scan line 
corresponds to metal hinge 276 which is denser than 
the rest of bag 270 and therefore generates an area of 
increased thickness in the sinogram. This dot appears 
at the end of the scan line because for a projection 

30 angle of zero degrees, the one or more detectors that 
are occluded by hinge 276 are all at one end of the 
detector array. The dots corresponding to hinge 276 
essentially prescribe a downwardly slanted diagonal 
line across sinogram 268 so that in the bottom scan line 

as the dot corresponding to hinge 276 falls at the right end 
of the scan line. As those skilled in the art will appreci- 
ate, these dots follow a downwardly slanting trajectory 
because the detectors that are occluded by hinge 276 
shift according to a function of the projection angle. 

40 Sheet explosive 278 is indicated in sinogram 268 by 
the areas of increased density (or thickness) which 
span many detectors in scan lines one and two. Sheet 
explosive 278 is only represented in a few scan lines 
because the sheet is quickly transported past the imag- 

45 ing plane. In general, sheet explosives that are perpen- 
dicular or nearly perpendicular to the rotation axis will 
present a similar signature in the Z-axis sinogram. They 
are indicated by an area of increased density that spans 
several adjacent Z-axis detectors over a relatively small 

so number of adjacent projection angles. Handle 274 is 
indicated in sinogram 268 by the areas of increased 
density in scan lines fifteen through eighteen. Sheet 
explosive 280 is indicated in sinogram 268 by the areas 
of increased density in scan lines fourteen through 

55 eighteen. The signature of sheet explosive 280 is quite 
different from that of sheet explosive 278 because sheet 
280 is nearly parallel to the rotation axis. The Z-axis sin- 
ogram data may be analyzed to detect sheets with this 
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orientation (or with other orientations that are not nearly 
perpendicular to the rotation axis), however, such 
sheets are more likely to generate a stronger response 
in the CT detectors and are preferably detected by ana- 
lyzing the reconstructed CT images. The cylindrical 5 
object 282 is indicated in sinogram 268 by the areas of 
increased density in scan lines twenty-three through 
twenty-nine. 

As illustrated by sinogram 268, since the direction 
of the shorter dimension of the Z-axis detectors are par- 10 
allel to the rotation axis, sheet explosives that are ori- 
ented perpendicularly to the rotation axis (like sheet 
explosive 278) will have a strong and characteristic 
response in the Z-axis sinogram data. Such sheet 
explosives are indicated in the sinogram by areas of is 
increased density that span several detectors and a few 
projection angles. As those skilled in the art will appre- 
ciate and as suggested above, automated detection 
algorithms may be used to scan the sinogram data for 
high density regions indicative of the presence of sheet 20 
explosives. In a preferred mode of operation for bag- 
gage scanning assembly 100, a processor (not shown) 
uses such detection algorithms to continually process 
the sinogram data generated by the Z-axis detectors to 
determine whether sheet explosives are present in any 25 
scanned baggage. 

For example, a sheet of plastic explosive has a typ- 
ical density of about 1 .5gm/cc, within a voxel size (the 
size of the volume represented by one pixel in a recon- 
structed CT image) of about 1 cm cubed. This density is 30 
still sufficiently large to be discriminated against a back- 
ground bag density of about 0.2gm/cc. For plastic explo- 
sives, voxels within a chosen range of densities 
approximate 0.4 to 1 .8cm/cc are of interest. Thus, using 
standard algorithms to connect the various voxels so as 35 
to represent a reconstructed image, the number of vox- 
els in each region can be determined and compared to 
a predetermined threshold, e.g., 0.4 cm/cc or higher. 
Regions containing only a small number of voxels over 
the threshold are rejected as being harmless (since not 40 
enough space is prescribed to contain sufficient plastic 
explosive to do harm). Regions containing more voxels 
than the preset threshold, e.g. 250cc, are identified as 
suspect. The mass contained in such connected 
regions is then calculated by multiplying the volume in 45 
each pixel by its density. If the resulting mass is greater 
than a preset threshold, the region is tentatively identi- 
fied as explosive. Verification, as previously described, 
may then be required. This latter technique allows the 
use of pixels larger than the sheet thickness. For exam- so 
pie, where the threshold is set to detect a density of 
0.4gm/cc or higher, the smaller dimension of the detec- 
tor is 5mm, and a sheet of explosive 2mm thick having a 
density of 1 .5gm/cc shadows a detector, the detector 
will provide an output signal of 40% of the actual den- 55 
sity, i.e., 0.6gm/cc, above the threshold. The use of 
larger pixels than the possible minimal sheet thickness 
results in significant system complexity reductions. 



Detector size can be increased and detector number 
decreased, resulting in substantial savings in detector 
and electronics cost. Similarly, the reduction in the size 
of the number of pixels in the reconstructed image 
results in a significant savings in reconstruction proces- 
sor and image processing costs, as well as storage 
requirements. 

As discussed in greater detail in the above-refer- 
enced U.S. Patent Application Serial No. 08/671,202, 
baggage scanning assembly 100 may advantageously 
use a dual energy beam of X-rays. In alternate embodi- 
ments, the output signals generated by the Z-axis 
detectors 214 may be sampled only in response to the 
high energy beam, or only in response to the low energy 
beam. In still another embodiment, the output signals 
generated by the Z-axis detectors 214 may be sampled 
in response to both the low and high energy beams and 
the data generated in response to the two beams may 
be processed separately, or alternatively may be com- 
bined, for example by averaging, prior to processing the 
sinogram data to detect the presence of sheet explo- 
sives. 

As stated above, the dimensions of detector array 
130 are preferably selected in accordance with the rota- 
tion rate of platform 124 (shown in Figure 3A) and the 
desired speed of conveying system 110. In one pre- 
ferred embodiment platform 1 24 rotates 360° every two- 
thirds of a second, detector array 130 includes eight 
rows of detector tiles 210, and the speed of conveying 
system 110 is selected so that scanning assembly 100 
may process six hundred seventy five averaged sized 
bags per hour where an average sized bag is approxi- 
mately seventy centimeters long. In another preferred 
embodiment, platform 124 rotates 360° every two-thirds 
of a second, detector array 130 includes twelve rows of 
detector tiles 210, and the speed of conveying system 
110 is selected so that scanning assembly 100 may 
process nine hundred averaged sized bags per hour. 

The invention has been described in connection 
with baggage scanning assembly 100 and the detection 
of sheet explosives. However, those skilled in the art will 
appreciate that the two dimensional detector array of 
the present invention is useful for all manner of CT 
based systems including systems for continuously 
scanning other types of articles such as containers or 
mail. Two dimensional arrays constructed in accordance 
with the invention, are particularly effective at detecting 
the presence of sheet like structures, and the detection 
of such structures has uses extending beyond the 
detection of sheets of plastic explosives as described 
above. 

The baggage scanning system thus described is 
capable of continuously scanning bags at a relatively 
fast rate, i.e., on the order of 250 to 300 bags per hour 
or faster, without the need for operator monitoring as the 
bags are transported through the scanner, and without 
the need for a prescreening process. It is believed that 
the scanner is particularly useful in detecting objects, 
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such as sheet explosives, with a greater probability, and 
therefore reliability, than provided by the In Vision 
Machine. The scanner utilizes a single stage CT scan- 
ning process to scan for specific objects having prede- 
termined detectable signatures, such as sheet 
explosives, in baggage as the baggage is transported 
through the scanner at a relatively high rate. The two- 
dimensional detector array provides a greater and 
highly resolved field of view in the Z-axis direction than 
provided, for example, by the CT scanner of the In 
Vision Machine, and is particularly useful in providing 
data in detecting thin objects such as sheet explosives 
in bags as they are continuously transported through 
the scanner. By providing the detector array with two 
types of detectors, one for high resolution in the plane of 
or parallel to the plane of the X- and Y- axes, and the 
other for high resolution in the direction of the Z-axis, 
the number of total detectors can be reduced. Further, 
by using the CT detectors to generate a CT image and 
the Z-axis detectors to generate one or more sino- 
grams, an economical and yet high resolution system 
can be designed. 

Since certain changes may be made in the above 
apparatus without departing from the scope of the 
invention herein involved, it is intended that all matter 
contained in the above description or shown in the 
accompanying drawing shall be interpreted in an illus- 
trative and not a limiting sense. 

Claims 

1 . A scanning assembly for sequentially scanning a 
plurality of separate objects up to a predetermined 
throughput rate, said assembly comprising: 

(a) an X-ray source; 

(b) a detector system for receiving X-rays from 
said X-ray source during a scan, said detector 
system including a two dimensional array of 
detectors; 

(c) means for rotating the source and detection 
system about a rotation axis at a preselected 
rate of rotation; and 

(d) conveying means for transporting the plural- 
ity of objects to be scanned in sequence 
between said X-ray source and detector sys- 
tem up to said predetermined throughput rate; 

(e) wherein said predetermined throughput 
rate is a function of the preselected rate of rota- 
tion, and the dimension of the two dimensional 
array of detectors in the direction of said rota- 
tion axis so that each object is substantially 
entirely scanned by said assembly. 

2. An assembly according to claim 1 , wherein said two 
dimensional array of detectors comprises a plurality 
of rows of detectors. 



3. An assembly according to claim 1 , wherein said two 
dimension array includes at least two types of 
detectors, one type of detector for providing rela- 
tively high resolution in a direction normal to the 

5 rotation axis, and the other type of detector for pro- 
viding relatively high resolution in a direction paral- 
lel to the rotation axis. 

4. An assembly according to claim 3, wherein said 
10 one type of detector is dimensioned so as to be of 

shorter width in a direction normal to the rotation 
axis than in the direction parallel to the rotation axis, 
and the other type of detector is dimensioned so as 
to be of shorter length in the direction parallel to the 
is rotation axis than in a direction normal to the rota- 
tion axis. 

5. An assembly according to claim 4, wherein said 
two-dimensional array of detectors comprises alter- 
so nating rows of said one type and said other type of 

detector. 

6. An assembly according to claim 4, wherein each of 
said one type of detectors generates data for use in 

25 creating a CT image, and each of said other type of 
detectors generates data for use in creating a sino- 
gram. 

7. An assembly according to claim 1, wherein the 
30 dimension of said array in a direction parallel to the 

direction of said rotation axis is a function of (a) the 
rotational speed at which the source and detection 
system rotate about the rotation axis, and (b) the 
rate at which the conveying means transports items 
35 to be scanned between said rotating X-ray source 
and detector system such that each item is entirely 
scanned by said assembly as it is conveyed through 
said assembly. 

40 8. A detector system for use with a CT scanner of the 
type including a source of x-rays that rotates with 
the detector system about a rotation axis during a 
scan, said detector system comprising a two 
dimensional array of detectors having at least two 

45 groups of detectors, wherein the detectors of one 
group are oriented to provide greater resolution in a 
first direction, and the detectors of the other group 
are oriented to provide greater resolution in a sec- 
ond direction different from the first direction. 

50 

9. A detector system according to claim 8, wherein 
said two dimensional array includes an array of 
detectors having square-shaped receiving surfaces 
for receiving X-rays from said source. 

55 

10. A detector system according to claim 8, wherein 
said two dimensional array comprises a plurality of 
first detectors and a plurality of second detectors, 
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each for detecting X-rays during a scan, said first 
detectors providing better resolution in a direction 
within a plane normal to the rotation axis than the 
resolution in a direction parallel to the rotation axis, 
and said second detectors for providing better res- 
olution in a direction parallel to the rotation axis 
than the resolution in a direction within a plane nor- 
mal to the rotation axis. 

11. A detector system according to claim 10, wherein 
said first detector is dimensioned so as to be longer 
in a direction parallel to the rotation axis than in the 
direction in the plane normal to the rotation axis, 
and the second detector is dimensioned so as to be 
longer in the plane normal to the rotation axis than 
in a direction parallel to the rotation axis. 

12. A detector system according to claim 11, wherein 
said two-dimensional array of detectors comprises 
a plurality of rows of said first and second detectors. 

13. A detector system according to claim 12, wherein 
said two-dimensional array of detectors comprises 
a plurality of alternating rows of said first and sec- 
ond detectors. 

14. A detector system according to claim 12, wherein 
each of said first detectors generates data for use in 
creating a CT image, and each of said second 
detectors generates data for use in creating a sino- 
gram. 

15. A detector system according to claim 10, wherein 
two-dimensional array includes a plurality of detec- 
tor tiles, each of said tiles comprising at least one of 
said first detectors and at least one of said second 
detectors. 

16. A detector system according to claim 15, wherein 
each of said tiles comprises at least two of said first 
detectors and at least two of said second detectors. 

17. A detector system according to claim 16, wherein 
each of said tiles comprises more of said first 
detectors than of said second detectors. 

18. A detector system according to claim 16, wherein 
said array of tiles includes a plurality of rows and 
columns of said tiles so as to form a two dimen- 
sional array of said tiles. 

19. A detector system for use with a CT scanner for 
obtaining three-dimensional scans of an object, 
said detector system comprising: 

(A) first detection means, defining at least a 
first detection area, for generating an output 
signal representative of an intensity of X-rays 



incident on said first detection area defined by 
a width and length and representative of image 
information having greater resolution in the 
direction of the width than in the direction of the 

5 length; and 

(B) second detection means, defining at least a 
second detection area, for generating an out- 
put signal representative of an intensity of X- 
rays incident on said second detection area 

w defined by a width and length and representa- 

tive of information having greater resolution in 
the direction of the length than in the direction 
of the width. 

is 20. A system according to claim 19, wherein the direc- 
tions of width and length for each of said detection 
means are mutually perpendicular. 

21. A system according to claim 19, wherein said first 
20 detection means comprises a plurality of first detec- 
tors, and said second detection means comprises a 
plurality of second detectors. 

22. A system according to claim 21, wherein each 
25 detector in said first and second pluralities of detec- 
tors is characterized by a substantially rectangular 
shape. 

23. A system according to claim 22, wherein said 
30 detector system is characterized by the shape of a 

cylindrical section, wherein said first and second 
pluralities are oriented on said section. 

24. A CT system of the type including (a) an X-ray 
35 source; (b) a detector system for receiving X-rays 

from said X-ray source during a scan, and (c) 
means for rotating the source and detection system 
about a rotation axis, said detector system includ- 
ing: 

40 

(i) at least a first plurality of detectors having a 
higher resolution in a direction parallel to a 
plane normal to the rotation axis than parallel 
to the rotation axis, (ii) at least a second plural- 
45 ity of detectors having a higher resolution in a 

direction parallel to the rotation axis than paral- 
lel to a plane normal to the rotation axis. 

25. A system according to claim 24, wherein: 

50 

(i) said first plurality of detectors defines at 
least one first detection area and includes 
means for generating an output signal repre- 
sentative of an intensity of X-rays incident on 

55 said first detection area; and 

(ii) said second plurality of detectors defines at 
least a second detection area and includes 
means for generating an output signal repre- 
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sentative of an intensity of X-rays incident on 
said second detection area. 

26. A system according to claim 24, further including 
conveying means for transporting items to be s 
scanned between said x-ray source and detector 
system. 

27. A system according to claim 26, wherein said con- 
veying means comprises a conveyor belt. io 

28. A system according to claim 26, wherein said con- 
veying means transports said items in a direction 
substantially parallel to said rotation axis. 

15 

29. A system according to claim 24, wherein each 
detector in said first and second pluralities of detec- 
tors is characterized by a substantially rectangular 
shape. 

20 

30. A system according to claim 24, wherein said 
detector system is characterized by a shape of a 
cylindrical section. 

31. A system according to claim 24, wherein said 25 
detector system includes an array of detector tiles, 
each of said tiles comprising at least one detector 

of said first set and one detector of said second set. 

32. A system according to claim 31, wherein each of so 
said tiles comprises at least two detectors of said 
first plurality and at least two detectors of said sec- 
ond plurality. 

33. A system according to claim 32, wherein each of 35 
said tiles comprises more detectors of said first plu- 
rality than of said second plurality. 

34. A detector system according to claim 32, wherein 
said array of tiles includes a plurality of rows and 40 
columns of said tiles so as to form a two dimen- 
sional array. 

35. A method of scanning an object moving through a 

CT scanner comprising the step of: 45 

detecting x-ray absorption data with detectors 
oriented in at least two different directions. 

36. A method according to claim 34, further including so 
the step of generating at least one CT image with 
the x-ray absorption data detected with detectors 
oriented in one of said directions, and generating at 
least one sinogram with the absorption data 
detected with detectors oriented in the other direc- ss 
tion. 
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